Fixed assets are included in the accounting of greenhouse gas emissions that are generated by the activity of an organization. Emissions from the manufacture of fixed assets are generated only once, and they are recorded on the balance sheet on a pro rata basis throughout the year, with respect to their useful life. This annual fraction of initial emissions is called "carbon amortization" by analogy with accounting amortization.
The Bilan Carbone® method has identified the lifetime of the fixed asset as the duration of the amortization period recommended by the Administration. For various reasons (physical, technical, legal) , it is possible to select different amortization periods. Carbon amortization of a given asset can therefore fluctuate from one entity to another.
To base calculation of carbon amortization on more physical notions than accounting amortization, it is possible to consider the age of the fixed asset and the expected lifetime. This can be estimated from experience or on the basis of statistical data. Of course, this assessment is also subject to discrepancies. However, the sensitivity of the result to its variation is lower than that for accounting amortization (except when the age of the asset is close to the end of life, but in this case the uncertainty of the lifetime is small).
This study 1 therefore proposes a theoretical development of the consideration of emissions from the production of fixed assets, depending on a degressive method based on age and lifetime. The degressivity allows most of the emissions to be noted in advance, more in accordance with physical reality, and with an accounting approach that is more appropriate for the application of a discounted rate to future emissions (considering that a quantity of CO 2 emitted in the past is less damaging than the same quantity emitted in the future).
Sensitivity to the error associated with the estimate of the lifetime is examined and has turned out to be relatively low. A case study analyzes the differences obtained for a real-life fleet of fixed assets, using the standard approach and the method proposed here. It demonstrates that this restitutes an average carbon amortization that is a little less significant and more spread out in time, as the fleet of assets evolves.
A3.2. Preliminary justifications
For the distribution of emissions from the manufacture of a fixed asset over a certain period of time, meaning for the calculation of what we will call "carbon amortization", the Bilan Carbone® method makes reference to the duration of the accounting amortization period. The amortization method is linear and consequently its annual value is constant. This method has the merit of being simple; however, the link is relatively weak between an accounting convention and the physical phenomena of greenhouse gas emissions that are observed in the manufacture of an asset destined for long-term use. Accounting amortization periods, which vary according to the operators for accounting reasons, determine the methods of taking into account the "spread" of initial emissions. The calculation can be based on less arbitrary data, such as the real age of the asset and its probable lifetime, either expected or determined statistically. Even if this duration is also appreciable in different ways, at least it corresponds to a physical reality that is more naturally associated with initial emissions from manufacture.
In addition, it is useful to notice these emissions as early as possible to encourage economic players to implement drastic and immediate action in the event of renewal of fixed assets. Noticing them later is contrary to the needs of the fight against climate change. Voluntarily, the Greenhouse Gas Protocol, and ISO 14064 take into account all the emissions from the manufacture of assets in the year of their acquisition. For all these reasons, we propose a degressive carbon amortization over the lifetime of fixed assets, which logically associates the physical realities and which confers the maximum initial "carbon weight" of the fixed assets in the short term.
According to the international accounting standard written by the Commission of European Communities: "Property, plants and equipment are tangible items that: a) are held for use in the production or supply of goods or services, for rental to others, or for administrative purposes; and b) are expected to be used over more than one period.
[…]
Useful life is: a) the period over which an asset is expected to be available for use by an entity; or b) the number of production or similar units expected to be obtained from the asset by an entity" [COM 08, p. 73].
"The useful life of an asset is defined in terms of the asset's expected utility to the entity. The asset management policy of the entity may involve the disposal of assets after a specified time or after consumption of a specified proportion of the future economic benefits embodied in the asset. Therefore, the useful life of an asset may be shorter than its economic life. The estimation of the useful life of the asset is a matter of judgement based on the experience of the entity with similar assets" [COM 08, p. 78].
"Depreciation (amortization) is the systematic allocation of the depreciable amount of an asset over its useful life" [COM 08, p. 216].
In summary, the standard emphasizes the fact that the accounting amortization period is not normalized and that it can be shorter than the economic lifetime of the asset. E: production emissions.
A3.3. Mathematical basis

A3.3.1. Calculation of the linear carbon amortization
Linear amortization based on the accounting period:
A3.3.2. Calculation of degressive carbon amortization based on the age and lifetime of the asset
The degressivity can be expressed using the following simple law: The cumulative sum of carbon amortization over the entire lifetime (equal to the total emissions from production) is given by the integral of AD(a). These cumulative emissions, counted as the asset ages, are given by: 
Since the lifetime of the asset is unequivocal, it is useful to analyze the variation in amortization as a function of the fixed lifetime, for a given age of the fixed asset.
A3.4. Variation in the degressive carbon amortization based on lifetime
Now considering "a" as a parameter and D V as the variable, the derivative of the degressive amortization with respect to the lifetime according to the expression [A3.2] is: Let Dvm be this lifetime for which the depreciation passes through a maximum ADm, for a given age of fixed asset:
Variation in the degressive carbon amortization (metric ton of carbon equivalent, denoted t Ce 2 ) for various ages of a fixed asset as a function of its lifetime (original emissions from production: 100 t Ce). For a color version of this figure, see www.iste.co.uk/rossignol/climatic.zip 
A3.5. Analysis of the sensitivity to the error in the selected lifetime
The estimation of the lifetime of an asset can be based on previous observations, for similar assets. It can also be estimated on the basis of statistics. Tangible assets to determine the expected lifetime of vehicles and buildings are given in section A3.7. However, it will be observed that for much longer lifetimes than the age of the assets observed in the reporting year, the sensitivity of amortization to the variation in the lifetime is low (curves 1-3 in Figure A3 .3). This sensitivity is, however, important for very recent assets with a short lifetime (curve 1), but in this case, the uncertainty related to the lifetime is low. The sensitivity of amortization for a lifetime that is scarcely greater than the observed age, is reduced with age, as shown on curves 2 and 3. However, the linear amortization based on the accounting period which, we recall, can depend on considerations only related to accounting, is highly sensitive to wide-ranging variations in the period's duration (curve 4). fixed asset ((1), (2), (3) ) as a function of its lifetime, by comparison with the linear carbon amortization based on the accounting amortization period (4).
For a color version of this figure, see www. iste.co.uk/rossignol/climatic.zip
A3.6. Application to a real-life fleet of fixed assets
The chosen example relates to a set of stainless steel vats used by an agri-food company. The fleet consists of 231 vats with a volume between 3.5 and 2,160 hectoliters, for a total weight of 551 metric tons. In the reporting year, the youngest vat was 4 years old and the oldest was 28 years old.
A3.6.1. Linear amortization based on the accounting period
The linear amortization for the reporting year, based on the accounting period, has been calculated for various linear accounting amortization periods, in 5-year blocks (for this type of material, it is typically 10 years). When the period is extended, the amortization diminishes, but the fleet that has not yet been amortized increases. The carbon amortization thus fluctuates between 2.1 and 19.2 t Ce per year, around an average of 13.7 t Ce, with a standard deviation of 6.7 t Ce. iste.co.uk/rossignol/climatic.zip 
A3.6.2. Comparison of the evolution of carbon amortization with both approaches
For machinery, the duration of the accounting amortization period is currently 10 years. The oldest vats in the fleet under consideration are 28 years old. The operator considers that their lifetime is in the order of 50 years. As shown in Table  A3 .1 and in the diagrams in Figure A3 .5, the degressive amortization method proposed, based on the age and lifetime of fixed assets, lessens the differences and reduces the variations in carbon amortization of the fleet of fixed assets as the years pass. The average amortization is also reduced. Even in the case of a shorter lifetime, of 30 years (unfavorable from the point of view of sensitivity), the observation is similar.
Carbon amortization (t Ce/yr) Average Standard deviation
Linear method based on accounting amortization (10 years) 18.4 9.9
Degressive method based on age and lifetime (30 years) 14.8 5.3
Degressive method based on age and lifetime (50 years) 11 4.3 The Guide to emissions factors provided by the Bilan Carbone® method [ADE 10a, p. 23, 33, [74] [75] [76] [77] gives estimates of the average distance traveled by the various vehicles, both light and heavy, over their entire lifetime.
If no other tangible assets are available, the probable lifetime of a vehicle and the average distance traveled on an annual basis can be calculated from the charts in Figure A3 .6. 
A3.7.2. Buildings
There are statistics that provide the average lifetime of various categories of buildings, and only the following three examples will be discussed here:
-French logistics real estate: in 2008, 23% of real estate is more than 20 years old and the real estate contains warehouses aged over 30 years [OBL 07, OBL 08]; -French housing stock: the average age of housing is 56 years 3 ; -French tertiary real estate: 70% of the tertiary real estate was more than 20 years old in 2001 (details per industry given in the table on page 5 of the publication) [GIR 01].
